l~he incidence of pulmonary cOlllplications in patIents with acute pancreatitis has been reported as high as liO per cent (Gliedman, Bolooki anli RosenUJ70) . Pullllonary complications arc said to be responsible for ~!I per cent of deaths in these patients, anli have been implicated as a contributoT\' factor in a further :!9 per cent (Rawson, l<.oses and Fink J 973). It has been stated that ·1 per cent of all cases of acute pancreatitis will die of respiratory failure (Bolooki ct al. 1971) .
"
PulIl1onan' complications of acute panncatitis are wdl documented. Radiograph\" of the chest ma\" reycal elc\'ation and imIl10bility of the diaphraglll, basilar atelectasis, plll:umonic infiltrates, pleural or pericardial effusion, or mediastinal abscess (l'oppl'i ancl Ben:o\\" HH9, Stein et Ill. 1959, Rosl'man, l\.owlcssar and Slciscnger HlHO) . Acute respirator\' failure in acutc pan("!"eatitis itas onl\' recently been reported (Kellum et al. I !l7:!, 'Interiano,' Stuard and I-hdc In7:!, Cast' History No. 7f; , 1974, Finlc\' et Ill. 19(9) .
Acute pancreatitis at tite Alfred Hospital has been reviewed to anTSS the incidence of pulmonan' complications. c\.cute rcspiratorr failure will be illustratcll with a brief case report and the management of these patients will be outlined. (H..c.P. 8: S.), Staff .\na"sthl'tist, Ikpartllll'nt of Anaesthe,ia and l{eslIscitation, .\lfrecl I !ospital. Table 1 shows the incidence of acute pancreatitis, pulmonary complications and mortality rate for the six year period ending :{1 st December,UI7;{. These cascs are those in which acute pancreatitis was the primar\" disease, based on the clinical history anel examination, elevated serum amdase, and/or laparotomy,'autopsy. There are" insuffici~nt numbers on which to pcrform valid statistical analysis but the data are useful for comparison with other centres, and certain trends can be observed.
The overall incidence of acute pancreatitis has been approximatel\" 1"' cases per 10,000 admissions with a mean mortalit\· of :!8 per cent. The incidence of respiraton' complications, based on chest radiograpll\' anll clinical recordings averaged -!:! per cent. ,\ respirator\" (;oIl1plication was the direct cause of death iil 10 per cent of all cases of acute pancreatitis and a contributory cause of death in a further 11 per cent. Tlius, one patient in five of all cases of acute pancreatitis died directly from or partially due to Cl respiraton' col1lpli"cation.
Of the actual deaths a respirat()r~' complication was the direct cause of death in :1;{ per cent, and a contributol"\' cause of death in a further :m per cent. Ch11y in :!8 per cent of the deaths \~'ere there no contributory respiratory cOl1lplica-tlOns. Causes of death in t hest' cases included I11\'ocardial infarction, renal failure, septic and b\"llovolaemic shock, and injudicious use of plll'nothiazines administered for confusion and restlessness, for which delirium tremens wa" blamed. In retrospect at least two of these patients had confusion clue to hypoxia, not alcohol withdrawal. This patient was admitted to hospital with a six hour history of severe epigastric pain. Ht, had a four year history strongly suggestive of a duodenal ulcer, and he indulged excessively in alcohol and tobacco. On admission, radiography of the chest and abdomen were normal, and serum amylase was not elevated. He was treated conservatively with bed rest, milk drip and anticholinergics, during which time his condition remained unchanged. After three days, his pain suddenly increased and an exploratory laparotomy, revealed an acute haemorrhagic pancreatitis. FIGURE l.~Chcst X-ray fin, days after onset of symptoms. Bilateral atelectasis 'and elc\"ation of right hemidiaphragm is present" Heart size is within normal limit. Ccntral venous catheter incorrectly positioned.
He was treated with Stable Protein Plasma Solution (S.P.P.S.) infused at a rate sufficient to maintain a urinary output of 50 ml/hour, gastric drainage, intra peritoneal lavage with aprotinin (U Trasylol "). He was digitalized and commenced on intravenous thiamine, cephalothin, gentamycin and aprotinin. Chest X-ray 
showed elevation of right hemi-diaphragm and bilateral basal linear atelectasis ( Figure 1 ). He remained stable until 6.30 a.m. next morning when he suddenly became acutely dyspnoeic and shocked with clinical and radiological evidence of gross pulmonary oedema FIGl'RE :!. o ' .\cute pullllonary oedema prior to intnbation and 1.P.1'.\". At this stage the l'a0 2 \vas ~5 I11ID I-Ig.
( Figure 2 ). 25 mm Hg, -7 mEq/l.
Blood gases were pH 7 ·42; PaC0 2 Pa0 2 25 nun Hg, base deficit of An endotracheal tube was insertecl and intermittant posltIve pressure ventilation (I.P.P.V.) was commenced with a Bennett l\IA 1 volume-cycled ventilator, with a tidal volume=10 ml/Kg at 15/minute and an inspired oxygen concentration (Fi0 2 ) of 80 per cent.
He required an inflation pressure of 60 cm of water. One hour later his chest was clinically unchanged, and his Pa0 2 was 55 mm Hg.
Over the next ~4 hours, despite increasing Fi0 2 to 100 per cent, his 1'a0 2 remained at 50 mm Hg. Positive end expiratory pressure (P.E.E.P.) 5 cm of water was adcled. His PaC0 2 rose to 42 mm Hg and his Pa0 2 to 90 mm Hg. He required morphine 10 mg and cl-tubocurarine 15 mg two hourly and his condition remained unchanged for 48 hours. Then he began to show improvement and after a further 24 hours, his Pa0 2 was 17;") mm Hg so P.E.E.P. was withdrawn and Fi0 2 was decreased to 70 per cent.
After a further 24 hours his chest showed bilateral basal consolidation (Figure :{) but was otherwise clinically clear. With Fi0 2 of 50 per cent his Pa0 2 was 96 mm Hg. Weaning from the ventilator was commenced and he was extubated ~·I hours later. His progress thereafter was uneventful ancl he was discharged 27 days after the onsd on his symptoms. He was seen four weeks after his discharge from hospital and his chest was clear clinically and radiologically. Lung function tests were normal.
DISCUSSION

Pathophysiology
Respiratory insufficiency occurs commonly in any inflammatory disease of the peritoneum. Burke, Pontoppidan and \Yelch (1963) used the term "high output respiratory failure" in association with the respiratory insufficiency which frequently accompanies peritonitis. Due to fever, the patient's oxygen requirements are necessarily raised. Because of pain, and an elevated, fixed diaphragm, rate of respiration rather than tidal volume is increased. Thus for a similar rise in minute aveolar ventilation, the work of breathing increases disproportionately. This disadvantageous state is aggravated by basal atelectasis and shunting, due to other contributory factors such as posture, lack of sighing, and dehydration, all of which can decrease functional residual capacity. A decreased functional residual capacity encourages small airway closure, leading to an increase in alveolar-arterial oxygen gradient.
As the patient becomes exhausted his ability to cope decreases and he may go into acute respiratory failure within a very short period of time. I t was interesting to note in our own records how very frequently patients who had been "improving" (despite persistent hypocarbia) wpnt into "acute" cardiorespiratory collapse during the hours of darkness.
In acute pancreatitis there is also a greatly diminished lung compliance. Zieve and Vogel (H161) have shown that during an attack of acute pancreatitis, serum lecithinase is elevated, whilst ~Iorgan, Jenny and Haessler (1968) found that clogs receiving infusions of lecithinase accumulated this substance predominantly in the lungs. These latter workers have also produced a clinical syndrome not dissimilar to the acute respiratory distress syndromes of humans, b,' infusing a phospholipid prepared from cobra venom. However, the lungs at autopsy were light and pink, as distinct from the heavy oedematous lungs described by Pontoppidan, Geffin and Lowenstein (1972) . It has also been shown that serum trypsin (N ordi 1959) and other vasoactive substances (ThaI, Koboed and Hollenberg 1963) are raised in acute pancreatitis and this may account for the multisystem nature of the disease.
This evidence has led to the postulation that the reduction in compliance found during acute Anaesthesia alld Intensive Carl', Vol. nI. 1YO. 3, August, 1975 pancreatitis is due to liberation of lecithinase into the circulation, which destroys lecithin, an important constituent of pulmonary surfactant. Further investigation is required, however, to completely clarify the matter.
Other factors which may contribute towards the pulmonary complications of acute pancreatitis are superimposed infection, coagulation abnormalities associated with the septicaemia, aspiration of gastric contents, fluid overload and myocardial failure.
Prophylaxis and Diagnosis of Acute Respiratory Failure in Acute Pancreatitis
All doctors and nurses involved in patientcare must be aware of this potentially lethal complication, and all cases must be treated in a centre which has facilities for 24 hour medical supervision and artificial ventilation. Auscultation of the chest must be performed frequently and the findings recorded, and the patient should have physiotherapy from the time of admission, both by trained personnel and nursing staff.
The earliest sign of respiratory insufficiency is an increased rate of respiration with a decreased tidal volume. Nursing staff should be encouraged to measure respiratory rates with the same dedication with which pulse rates are measured.
Whereas a minor respiratory complication occurs about the third day, the acute respiratory failure of pancreatitis occurs between the fourth and sixth days.
Daily blood gases should be performed in all but the mildest cases, and persistent tachypnoea, tachycardia, hypertension, and hypocarbia about this time should alert the physician to an impending emergency. A chest radiograph should be taken on admission, and daily thereafter. Large volumes of crystalloid fluid without colloid fluid must be avoided.
Diagnosis depends on the combination of a patient with an increasing work of breathing and radiological signs of pulmonary oedema with a normal heart size. Hopefully, patients will be treated enthusiastically at this stage rather than waiting until the diagnosis is obvious. MANAGEMENT 
Oxygenation
About 60 per cent of patients on admission have a Pa0 2 of less than 75 mm Hg when breathing air, and a PaC0 2 of about 30 mm Hg. Since oxygen requirements are increased, every patient should have oxygen administered to maintain his Pa0 2 as near his normal as possible.
Where the patient cannot maintain a satisfactory Pa0 2 , or only at the expense of a gross increase in the work load of breathing, intubation and ventilation with a volume cycled ventilator is necessary. It is the policy in this unit to use a nasotracheal, Portex tube with a low-pressure, high volume cuff for up to seven days, after which time a tracheostomy is performed. It is possible that earlier intubation and ventilation might decrease the incidence of tracheostomy.
Where a satisfactory Pa0 2 still cannot be obtained with zero end-expiratory pressure, then P.E.E.P. should be added. In the case presented, P.E.E.P. of 5 cm of water at an Fi0 2 of 100 per cent provided a satisfactory Pa0 2 • Pressures as high as 20 cm of water may be necessary, but will increase the incidence of complications such as pneumothorax and decreased cardiac output.
Minute ventilation should be adjusted to keep the patient normocarbic, as hypocarbia will decrease cardiac output, and increase the Qs, with a resultant lowered Pa0 2 (Brevick Qt et al. 1973) .
It is important to keep in mind that LP.P.V. and P.E.E.P. are not curative but" merely buy time" (Ashbaugh et al. 1967) , whilst the underlying condition is being treated.
Flltid Management
Whole blood should be given to maintain the patient's haemoglobin as near his normal as possible. It is easy to forget that a haemoglobin of 12 G/100 ml in a patient whose normal is 16 G/100 ml represents a 25 per cent reduction in oxygen-carrying capacity.
It has been suggested that the combination of albumin and diuretics is no more effective than the use of albumin alone in acute respiratory distress syndrome (Skillman, Parikh and Janenbaum 1970, Pontoppidan et al. 1972) , whilst others believe that this is the most effective way of mobilizing pulmonary water (Kellum et al. 1972 ).
In the case presented, Stable Protein Plasma Solution (S.P.P.S.), Dextrose 25 per cent in water and Hartmann's was used with good effect. It was felt that the hypertonic dextrose performed a dual role: as a source of calories in a patient destined for a protracted illness, and as a diuretic. The highest blood sugar which resulted from this regime was 12·5 m mol/litre. However, if a diuresis is not produced with colloid solutions, and/or hypertonic dextrose, then diuretics must be administered.
Drugs (a) Sedation
This group of patients require very large doses of medication in order to be artificially ventilated. Known reasons are the severe pain of pancreatitis, low lung compliance, and heavy alcohol intake. There may be others as yet unknown. Over 96 hours, our patient received: morphine :no mg phenoperidine 46 mg droperidol 80 mg diazepam 50 mg d-tubocurarine :~80 mg pancuronium 80 mg It is well known that morphine can raise the serum amylase as much as 10 fold (Bogoch, Roth and Bockus ]954). The highest serum amylase in our patient was 655 I U jlitre, and this apparently did not alter the course of the disease.
We found high doses of neuroleptanalgesia unsatisfactory and that neuromuscular blocking agents were required to allow adequate control of ventilation.
(b) Steroids
We used steroids in the dose recommended in shocked states (Dietzman, Motsay and Lillehei 1970) and respiratory distress syndrome (Petty and Ashbaugh 1971) . It has been shown that whilst steroid drugs undoubtedly are of benefit in increasing tissue oxygen supply, they do not Os alter the ~. (Haves et al. 1974). Qt .
(c) IJi{;oxin, Thiamine
Since large volumes of colloid solution were being infused, we gave digitalis. Thiamine was given to offset any myocarditis that might have developed. Since there were no clinical nor electrocardiographic signs of this, its usefulness is in doubt.
(d) Antibiotics
A broad spectrum bacteriocidal cO\'er is required and we have found from past experience that the combination of gentamicin and cephalothin is most suitable for very severe infections.
COXCLUSIONS
Although the mortality rate from pancreatitis appears to be declining markedly, the mortalit~· from and incidence of respiratory complications, shows only a slight decrease. :'lore awareness of the respiratory manifestations of acute pancreatitis, and enthusiastic treatment with LP.P.V. and P.E.E.P. of patients who develop the acute respiratory distress syndrome may further decrease the mortality rate.
